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Invasive Salmonella infections are severe and can be life threatening. We analyzed population-based data

collected during 1996–1999 by the Foodborne Diseases Active Surveillance Network (FoodNet), to determine

the incidences, infecting serotypes, and outcomes of invasive Salmonella infection. We found that the mean

annual incidence of invasive salmonellosis was 0.9 cases/100,000 population and was highest among infants

(7.8 cases/100,000). The incidence was higher among men than women (1.2 vs. 0.7 cases/100,000; )P ! .001

and higher among blacks, Asians, and Hispanics than among whites (2.5, 2.0, and 1.3 cases/100,000 population,

respectively, vs. 0.4 cases/100,000; all ). Seventy-four percent of cases were caused by 8 SalmonellaP ! .001

serotypes: Typhimurium, Typhi, Enteritidis, Heidelberg, Dublin, Paratyphi A, Choleraesuis, and Schwarzen-

grund. Of 540 persons with invasive infection, 386 (71%) were hospitalized and 29 (5%) died; 13 (45%) of

the deaths were among persons aged �60 years. Invasive Salmonella infections are a substantial health problem

in the United States and contribute to hospitalizations and deaths.

Each year in the United States, Salmonella infects ∼1.4

million persons, resulting in 116,000 hospitalizations

and almost 600 deaths [1]. Although most Salmonella

infections result in mild-to-moderate gastroenteritis

that usually resolves with or without treatment, some

lead to severe invasive infections (e.g., bacteremia and

meningitis). From 1987 to 1997, 384,266 Salmonella

isolates with a known clinical source were reported to

the Centers for Disease Control and Prevention (CDC,

Atlanta, GA), 23,237 (6%) of which were isolated from
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blood or CSF [2]. Invasive Salmonella infections can

be life threatening and usually require hospitalization

and treatment with parenteral antibiotics [3, 4]. Deaths

from invasive Salmonella infections are not uncommon

[3, 5].

Despite the severe nature of invasive salmonellosis,

we found no published population-based determina-

tion of US incidences of invasive Salmonella infection.

Although invasive Salmonella infections are known to

occur more commonly among infants aged !1 year [2,

6, 7], elderly persons [6, 7], and immunocompromised

persons [3, 4], including those who are infected with

HIV [8–12], little has been published on invasive sal-

monellosis in the general population.

We analyzed population-based data collected during

1996–1999 by the Foodborne Diseases Active Surveil-

lance Network (FoodNet), to determine the incidence

of invasive Salmonella infections in the general popu-

lation, to describe the demographic characteristics of

those infected, to evaluate the Salmonella serotypes that
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are most commonly associated with invasive disease, and to

determine the outcomes for infected persons.

SUBJECTS AND METHODS

FoodNet, which was started in 1996, is a collaborative program

among selected state health departments, the CDC, the US

Department of Agriculture Food Safety and Inspection Service,

and the US Food and Drug Administration [13, 14]. Although

FoodNet has since expanded to include additional surveillance

areas (also known as “FoodNet sites”), we analyzed data only

from those FoodNet sites that performed surveillance during

the entire 1996–1999 study period, to facilitate year-to-year

comparison. The FoodNet study sites at that time included

Minnesota, Oregon, and selected counties in California (Ala-

meda and San Francisco), Connecticut (Hartford and New Ha-

ven), and Georgia (Clayton, Cobb, DeKalb, Douglas, Fulton,

Gwinnett, Newton, and Rockdale). The postcensus estimates

of the population within these areas were 14.3 million in 1996,

14.4 million in 1997, 14.6 million in 1998, and 14.8 million in

1999, representing approximately 5.4% of the population of

the United States each year. FoodNet conducts population-

based active surveillance for culture-confirmed cases of Cam-

pylobacter, Escherichia coli O157:H7, Listeria, Salmonella, Shi-

gella, Vibrio, and Yersinia enterocolitica infections among the

residents of these sites [14]. To ascertain culture-confirmed

cases and to collect patient demographic information, including

sex, age, and race/ethnicity, investigators contacted, at least once

a month, clinical laboratories serving these residents. Infor-

mation was collected on the source of the Salmonella isolate

(e.g., stool, blood, and CSF) and whether the infected patient

was hospitalized or died. Because clinical laboratories routinely

submitted Salmonella isolates to their respective state public

health laboratory for serotyping, serotype data were also col-

lected. We conducted the study in accordance with guidelines

for human research specified by the US Department of Health

and Human Services.

At each site, data were routinely entered into a database and

forwarded without personal identifiers to the CDC. We ana-

lyzed these data using SAS (SAS Institute) and Stata (Stata)

software and made rate comparisons using the standard bi-

nomial method in Stata. We compared between-group differ-

ences in proportions using x2 or Fisher’s exact tests and con-

sidered to be significant. We calculated SalmonellaP � .05

incidences using appropriate 1996–1999 population estimates.

We defined “invasive” cases as those in which Salmonella had

been isolated from normally sterile sites–specifically from

blood, CSF, peritoneal fluid, and bone or joint. We did not

define isolation of Salmonella from urine or wounds as invasive

because we lacked the necessary clinical data to distinguish

between invasive infection and colonization or contamination

of urine and wounds. Invasive cases of Salmonella infection

were analyzed by site; year; patients’ sex, age group, and race/

ethnicity; serotype; whether the patient was hospitalized; and

whether the patient died. We defined “enteric” cases as those

in which Salmonella had been isolated from stool specimens,

including those collected by rectal swabs. We then compared

culture-confirmed invasive cases with enteric cases, if appro-

priate. We submitted records of cases of Salmonella bacteremia

in San Francisco County to the San Francisco Office of AIDS,

to determine the proportion of patients with Salmonella infec-

tion who were also reported to have AIDS during 1996–1999.

RESULTS

During 1996–1999,there were 7895 culture-confirmed cases of

Salmonella infection identified in the FoodNet study area. Of

these, 7169 isolates (90.8%) were from stool or rectal swabs,

540 isolates (6.8%) were invasive infections, 93 isolates (1.2%)

were from urine, 70 isolates (0.9%) were from other sources

such as abscesses or wounds, and 23 isolates (0.3%) were of

unknown origin. The proportion of culture-confirmed Sal-

monella infections that were invasive ranged from 11% in Cal-

ifornia to 3% in Minnesota. Of the 540 invasive isolates, 517

isolates (96%) were from blood, 16 isolates (3%) were from

bone or joint, 3 isolates (0.6%) were from CSF, and 4 isolates

(0.7%) were from peritoneal fluid.

The mean annual incidence of culture-confirmed invasive

Salmonella infections for the FoodNet study area was 0.9 cases/

100,000 population; the incidence ranged from 0.4 in Min-

nesota to 1.8 in California. When we stratified the California

site by its 2 participating counties, we found a mean annual

incidence of 2.4 cases/100,000 population in San Francisco

County and 1.5 cases/100,000 population in Alameda County.

During 1996–1999, we found no clear trend in the percentage

of culture-confirmed Salmonella infections that were invasive

or in the overall mean annual incidence of invasive Salmonella

infections. By site, there appeared to be a decreasing trend in

annual incidences during the study period in California and in

Connecticut, whereas the other 3 sites showed no clear trend

(figure 1). The California site’s annual incidence decreased from

2.0 cases/100,000 population in 1996 to 1.5 in 1999, with that

of San Francisco County decreasing from 3.0 in 1996 to 1.6 in

1999. However, the decreases were not statistically significant

for either California or Connecticut.

Culture-confirmed invasive Salmonella infections were more

common among men than among women. The mean annual

incidence was 1.2 cases/100,000 men, compared with 0.7 cases/

100,000 women ( ); 62% of patients with invasive in-P ! .001

fection were male. For neither sex did the 1999 incidence differ

significantly from that in 1996. Among male patients, the mean

annual incidence was higher in San Francisco County (3.3 cases/
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Figure 1. Incidence of invasive Salmonella infection, by FoodNet site and by year, 1996–1999

Figure 2. Mean annual incidence of invasive Salmonella infection, by
sex and age group, original FoodNet sites, 1996–1999.

100,000 men) than in other FoodNet sites; San Francisco’s

annual incidence among male patients decreased from 4.1

cases/100,000 in 1996 to 2.2 cases/100,000 in 1999. Given the

possible effect of male patients with HIV/AIDS on the incidence

of invasive Salmonella infections in San Francisco, we also an-

alyzed the overall incidence in FoodNet sites, by sex, while

excluding patients from San Francisco County. In sites other

than San Francisco County, the overall mean annual incidence

was 1.1 cases/100,000 men, compared with 0.6 cases/100,000

women ( ).P ! .001

By age group, the overall mean annual incidence peaked at

7.8 cases/100,000 infants (aged !1 year old), decreased to 1.6

cases/100,000 toddlers (aged 1–4 years), remained at �0.8

cases/100,000 older children and adults, then increased to 1.3

cases/100,000 persons aged �60 years. By age group and sex,

the mean annual incidence for male patients was higher than

that for female patients in all age groups except among children

aged 5–9 years (figure 2); the incidence was highest among

male infants aged !1 year (9.4 cases/100,000). When incidences

by sex and age group were further evaluated by site, the mean

annual incidence among male infants ranged from 3.4 cases/

100,000 in Oregon to 14.5 cases/100,000 in Georgia, whereas,

for female infants, it ranged from 0.8 cases/100,000 in Min-

nesota to 11.9 cases/100,000 in Georgia. Among persons aged

�20 years, male patients in California had higher incidences

than those at other sites (data not shown). When we stratified

the California data by the state’s 2 participating counties, we

found that the mean annual incidences for male patients in

San Francisco were higher than those for male patients in Al-

ameda for all age groups. Among men in San Francisco in the

30–39, 40–49, and 50–59 age groups incidences were distinctly

higher (4.0 cases/100,000 for all 3 age groups) than among

these same groups of men in other FoodNet areas. Among San

Francisco men with culture-confirmed Salmonella infection,

18%, 21%, and 23% of those aged 30–39, 40–49, and 50–59

years, respectively, had invasive infections, compared with only

6.8% among all study patients with Salmonella infections.

The San Francisco Office of AIDS determined that, of San

Francisco men aged �20 years who had Salmonella bacteremia

during 1996–1999, there were 43% with a diagnosis of AIDS.

The proportion with an AIDS diagnosis was even greater, 71%,

among San Francisco men aged 35–49 years. Among those men

aged �20 years, the proportion of those with Salmonella bac-

teremia who also had AIDS decreased from 60% in 1996 to

29% in 1999 (Suzan Scheer, San Francisco Office of AIDS,

personal communication).

Data on race and ethnicity were available for 427 (79%) of

patients with invasive infection. The mean annual incidences

of culture-confirmed invasive Salmonella infections for blacks

(2.5 cases/100,000), Asians (2.0 cases/100,000), and Hispanics

(1.3 cases/100,000) were all higher than that for whites (0.4
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Table 1. Rates of Salmonella infection, by serotype, 1996–1999.

Serotype

No. of
culture-

confirmed
cases

No. (%) of
invasive cases

Percentage of invasive cases,
by race/ethnicity of patients

White Black Hispanic Asian

Typhimurium 2160 135 (6) 29 51 12 8

Typhi 106 76 (72) 18 12 14 57

Enteritidis 1094 71 (6) 43 36 17 3

Heidelberg 551 60 (11) 40 48 4 8

Dublin 28 20 (71) 71 18 0 6

Paratyphi A 27 17 (63) 13 0 13 75

Choleraesuis 23 12 (52) 11 0 22 67

Schwarzengrund 88 11 (13) 44 33 11 11

Othera 3818 138 (4) … … … …

a No other Salmonella serotype caused 19 invasive cases.

Figure 3. Percentage of persons with invasive Salmonella infection
who were hospitalized and who died, by age group, original FoodNet
sites, 1996–1999.

cases/100,000) (all ). These racial and ethnic differencesP ! .001

were similarly significant in each of the 5 FoodNet areas. Over-

all, by race and ethnicity, the proportion of cases of salmo-

nellosis that were invasive was also higher among blacks (19%),

Asians (15%), and Hispanics (9%) than among whites (5%)

(all ).P ! .001

When we compared the incidences of invasive salmonellosis

by racial/ethnic group for 1996 with corresponding rates for

1999, we found that the incidence for whites remained the same

at 0.4 cases/100,000, whereas those for blacks, and decreased

from 3.2 to 2.2 cases/100,000, for Asians from 2.4 to 1.9 cases/

100,000, and for Hispanics from 1.8 to 1.0 cases/100,000, re-

spectively. However, none of these decreases were significant.

By age and race/ethnicity, black infants aged !1 year had the

highest average annual incidence of 23.7 cases/100,000

population.

Seventy-four percent of 540 culture-confirmed invasive Sal-

monella infections were caused by 8 Salmonella serotypes (in

descending order): Typhimurium (25%), Typhi (14%), Enter-

itidis (13%), Heidelberg (11%), Dublin (4%), Paratyphi A

(3%), Choleraesuis (2%), and Schwarzengrund (2%) (table 1).

For comparison, these 8 serotypes accounted for 50% of isolates

from stool specimens. By serotype, the proportion of Salmonella

infections that were invasive was relatively high for serotypes

Dublin (80%), Typhi (75%), Paratyphi A (65%), and Chol-

eraesuis (57%) and was much lower for serotypes Typhimurium

(6%), Enteritidis (7%), Heidelberg (11%), and Schwarzen-

grund (14%).

When we analyzed these 8 serotypes by year and by site, the

numbers were too small and variable to identify definite trends.

The proportion of invasive infections among male patients was

higher than that among female patients for all of these serotypes

except for Typhi (data not shown). By age group, the numbers

were small and were spread out among most age groups for

most serotypes, except that no infections with the Dublin se-

rotype occurred among people aged !30 years and no infections

with the Paratyphi A serotype occurred among children aged

!5 years; for Choleraesuis, Dublin, and Enteritidis, the highest

proportion of invasive cases were among those aged �60 years

(50%, 50%, and 32%, respectively).

Invasive cases of Salmonella infection due to several serotypes

occurred more frequently among Asians and blacks (table 1).

The highest proportions of invasive Typhimurium and Hei-

delberg infections occurred among blacks, whereas the highest

proportions of invasive Typhi, Paratyphi A, and Choleraesuis

infection occurred among Asians. For comparison, although a

disproportionate number of enteric Typhi (79%) and Chol-

eraesuis (43%) infections occurred in Asians, enteric infections

caused by the other 6 serotypes predominated in whites (data

not shown).

Seventy-one percent (386 of 540) of patients with invasive

Salmonella infection were hospitalized, compared with only

17% (1185 of 7169) of those with enteric infection ( ).P ! .001
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The proportion of patients with invasive infection who were

hospitalized varied from 69%, in California and Georgia, to

82% in Connecticut. By year, the proportion of patients with

invasive infections who were hospitalized decreased from 77%

in 1996 to 69% in 1999 ( ; x2 test for trend). Hospi-P p .08

talization rates for female patients (75%) did not differ sig-

nificantly from those for male patients (70%). However, the

proportion of female patients with invasive salmonellosis who

were hospitalized decreased significantly, from 84% in 1996 to

69% in 1999 ( ; x2 test for trend). The proportion ofP p .05

male patients who were hospitalized decreased from 75% in

1996 to 68% in 1999, but this was not significant ( ; x2P p .35

test for trend). By age group, the hospitalization rate among

persons with invasive infection was highest among those aged

�60 years (83%); among infants, 66% were hospitalized. There

was a significant trend of increasing proportion of patients

hospitalized with increasing age group ( , x2 for trend;P ! 001

figure 3). The hospitalization rates among patients with invasive

salmonellosis did not vary significantly by race/ethnicity: 76%

among blacks, 75% among Asians, 70% among Hispanics, and

76% among whites.

Of 540 patients with invasive infection, 29 (5.4%) died, com-

pared with 13 (0.2%) of 7169 patients with enteric infection

( ). Of the 29 decedents, 27 (93%) had Salmonella bac-P ! .001

teremia and 2 had Salmonella isolated from peritoneal fluid.

The proportion of patients with invasive infection who died

did not change significantly over time; it was 9% in 1996 and

5% in 1999. The death rate among patients with invasive sal-

monellosis was 4% for male patients and 7% for female pa-

tients. By age group, the proportion of deaths was highest

among persons aged 40–49 years. Of the total 29 deaths, 13

(45%) were of persons aged �60 years. There was a significant

trend of increasing proportion of patients who died with in-

creasing age group ( ; x2 test for trend; figure 3). By raceP ! .001

and ethnicity, 8% of blacks, 6% of Asians, 2% of Hispanics,

and 4% of whites with invasive infection died; these differences

were not significant. By serotype, 18 (62%) of invasive infec-

tions that resulted in deaths were caused by S. Typhimurium,

whereas 2 (7%) each were caused by S. Dublin and S. Newport.

DISCUSSION

During 1996–1999, the mean annual incidence of invasive Sal-

monella infection, primarily bacteremia, was 0.9 cases/100,000

persons in the FoodNet areas. Seventy-one percent of patients

with invasive salmonellosis were hospitalized, and ∼5% died.

The incidence of 0.9 was higher than the 0.3 rate reported for

1977 in the only previous US study of invasive Salmonella in-

fection (bacteremia) [7].

Projecting the current incidence of invasive infection and the

proportion of infected persons hospitalized and who died to

the entire US population (using the 2000 census), we estimate

that 12500 culture-confirmed cases of invasive salmonellosis

occur annually in this country, which result in nearly 1800

hospitalizations and 150 deaths. The true totals, however, are

likely higher, because not all invasive Salmonella infections are

confirmed by culture. For example, some persons with invasive

infection could have sought medical care and been treated em-

pirically with antimicrobial agents before diagnostic specimens

were considered or were obtained from them; such treatment

would decrease the likelihood of isolating Salmonella. Mead et

al. [1] considered this possibility when developing estimates of

the burden of illness caused by foodborne diseases and adopted

a correction factor of 1 undiagnosed case for each culture-

confirmed case of serious infection. If we used Mead’s correc-

tion factor, we would estimate that 15000 invasive Salmonella

infections occur annually in the United States.

The higher population-based incidence of invasive salmo-

nellosis among men has not been documented before. In re-

viewing all Salmonella isolates (most of which were from stool

samples) reported to the CDC between 1987 and 1997, Olsen

et al. [2] noted that, among children aged !15 years, boys were

slightly more likely to be infected, but that, among adults aged

20–74 years, the infection rate was 12.2 cases/100,000 women

versus 8.8 cases/100,000 men. However, Olsen et al. [2] did not

stratify isolation rates for invasive salmonellosis by sex. In the

earlier CDC report of cases of Salmonella bacteremia during

1968–1979, it was reported that 56% of blood isolates and 51%

of stool isolates were from men [7]. Results of a review of

septicemic nontyphoidal salmonellosis in New York City during

1962–1971 indicated that 59% of those infected were male [6].

What would account for a difference in rates of invasive

salmonellosis by sex? Although the increased risk for Salmonella

bacteremia among persons with HIV/AIDS may partially ex-

plain why rates of invasive cases among people aged 30–50

years were higher among men than women, the overall higher

rates among male patients, particularly among infants, children

aged !5 years, and those aged �60 years, cannot be fully ex-

plained. Even when the San Francisco data (which included

men with HIV/AIDS) were excluded, rates among men were

still significantly higher than rates samong women. This male

predominance among patients with invasive infections was pre-

sent for each of the most common 8 Salmonella serotypes except

for Typhi. Of interest, infection with Campylobacter, another

foodborne pathogen, also has a higher incidence among males,

beginning in infancy and persisting through older age groups

[15]. Among possible reasons for this difference in incidences

by sex are host factors, such as a postulated higher male sus-

ceptibility to certain infectious diseases [16], and behavioral

factors, such as the reported tendency of males to engage in

more high-risk food handling, preparation, and consumption

behaviors [17].
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We found blacks, Asians, and Hispanics to have higher pop-

ulation-based incidences of invasive Salmonella infections than

whites, and this too has not been documented previously. The

reasons for these higher incidences may involve host factors

and exposures particular to these populations, including foreign

travel and eating certain ethnic foods. For example, Mermin

et al. [18] reviewed cases of typhoid fever in the United States

between 1985 and 1994 and found that 72% of those infected

had traveled internationally within 30 days before the onset of

illness, primarily to Mexico, India, the Philippines, Pakistan,

El Salvador, and Haiti. They found that the overall rate of

typhoid fever among travelers who were not US citizens (and

therefore more likely to be nonwhite visitors to foreign home-

lands) was greater than among those who were citizens. More

recently, outbreaks of S. Typhimurium DT104 were reported

among Hispanics in California and Washington who ate home-

made Mexican-style soft cheeses made from raw milk [19, 20].

Also, the high proportion of infection with swine-adapted S.

Choleraesuis found among Asians may possibly be explained

by the popularity of pork in Asian communities. Further re-

search for risk or host factors for Salmonella infection within

these diverse populations may help to explain their higher in-

cidences of invasive disease.

The rates of hospitalization and death among people with

invasive Salmonella infection were highest among elderly per-

sons. Possible reasons for this include senescence of gut im-

munity, the impaired function of macrophages and granulo-

cytes, and other host factors, such as concurrent chronic

underlying illnesses [21–24].

Although rates of hospitalization and death among those

with invasive salmonellosis were highest among elderly persons,

the incidence of invasive salmonellosis was highest among in-

fants aged !1 year. And although the high incidence of invasive

salmonellosis among infants has been well documented for

decades [6, 7], the reasons for such consistently high rates in

this age group are still unclear. Some researchers have postu-

lated that gastric hypoacidity or gut immaturity may make

infants more susceptible [3, 23]. The few researchers who

looked at risk factors for Salmonella infection in this age group

found the home environment and intrafamiliar transmission

to be important risk factors but found breastfeeding to be

protective [25–27].

Decreased host immunity caused by other conditions such

as cancer or HIV infection has also been shown to contribute

to the risk for Salmonella bacteremia [3, 4, 11, 21]. We did not

collect information on underlying health conditions and there-

fore cannot speculate on what proportion of these cases may

have been due to host immunosuppression. In San Francisco

County, however, we did confirm with the San Francisco AIDS

Office that a high proportion of adult men with Salmonella

bacteremia during the study period were also included in the

AIDS Registry. We also found that, during 1996–1999, there

were decreases in both the annual incidence of invasive sal-

monellosis among male patients in San Francisco and the pro-

portion of adult San Francisco men with Salmonella bacteremia

who also had AIDS—decreases that coincided with the observed

decrease in the incidence of AIDS and other opportunistic in-

fections among persons with HIV/AIDS [28, 29]. The wide-

spread use of HAART among persons with HIV/AIDS during

these years was probably an important factor in these decreases

[30]. The decrease in the number of cases of invasive salmo-

nellosis in this immunocompromised population in San Fran-

cisco contributed disproportionately to the decrease in the in-

cidence of invasive salmonellosis for the California FoodNet

site during these years.

Seventy-four percent of invasive Salmonella infections were

caused by only 8 Salmonella serotypes, but it has been shown

previously that only a few Salmonella serotypes are responsible

for most cases of invasive salmonellosis [2, 7, 12]. Invasiveness

is thought to be facilitated by virulence plasmids and/or by

chromosomal genes that express invasive factors [31, 32]. In

our study, serotypes Typhi, Paratyphi A, Dublin, and Choler-

aesuis seem to have been highly invasive, because they made

up a high serotype-specific proportion of invasive culture-con-

firmed infections; the invasiveness of these serotypes has been

noted elsewhere [7]. Although serotypes Typhimurium, Enter-

itidis, and Heidelberg made up a low proportion of serotype-

specific invasive infections, they accounted for substantial num-

bers of invasive cases, because they caused the most enteric

infections. Why Asians and blacks had higher rates of invasive

salmonellosis caused by certain serotypes is unknown, and the

cause of these higher rates merits further research.

Our study had several limitations. Although active surveil-

lance identified all cases of Salmonella infection diagnosed by

culture, we would have missed any cases of invasive Salmonella

infection for which a culture was not performed. As mentioned

above, we did not uniformly collect data on patients’ HIV status

and other underlying conditions; therefore, we could not iden-

tify host factors associated with invasive Salmonella infection.

Finally, despite the large population covered under FoodNet,

our findings may not be representative of the general US

population.

Although we did not obtain details on treatment, including

antibiotic therapy received by patients with invasive Salmonella

infection, the 71% hospitalization rate and the 5% mortality

rate among these patients are cause for concern and demon-

strate the seriousness of such infections. Further increases in

the antimicrobial resistance of Salmonella [33, 34] may cause

these rates to rise even further.

Invasive Salmonella infections are a substantial health prob-

lem in the United States and contribute to hospitalizations and

deaths, particularly among elderly persons. Infants aged !1 year
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have the highest incidence. Of note, the incidence is higher

among men than among women, and higher among blacks,

Asians, and Hispanics than among whites. Further studies are

needed to determine why invasive Salmonella infections are

more common in these populations and why certain Salmonella

serotypes are disproportionately represented among the infec-

tions in certain groups. Such studies may lead to better efforts

to prevent invasive salmonellosis and to decrease the resultant

morbidity and mortality in affected populations.
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